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本论文以美国能源部“五大湖生物能源研究中心”（GLBRC）的 Biofuels Cropping 
System Experiment 子项目的两个生物实验站 KBS（Kellogg Biological Station）和 ARL
（Arlington Agricultural Research Station）为采样点，采用宏基因组学的方法，研究了种
植 6 年后的玉米、柳枝稷、芒草、复原草原草、杨树等多种生物燃料作物土壤的微生物
群落结构、多样性及其类群组成在不同土壤深度、不同地点、不同季节以及不同作物管
理方式下的差异。同时，本论文还评估了 Ion Torrent PGM 平台的测序性能，并将其应用
于本论文的固氮菌群落的宏基因组学研究中。本论文的主要结果如下： 






群落在 50-100cm 差异不显著。随着深度增加，  Proteobacteria、Actinobacteria 和
Planctomycetes 的相对丰度显著减低，而 Firmicutes、Crenarchaeta 和 Nitrospirae 显著增加；
Acidobacteria、Verrucomicrobia 和 Chloroflexi 在中间层最丰富，而 Thaumarchaeota 在中
间层最低。杨树及其他多年生作物在 0-10cm 土壤层比连作玉米含有更多的 C、N。 
（2）通过在五月、七月和十月对 KBS 和 ARL 站点的 5 种作物以及每种作物对应的





























Alternaria 等；施肥还影响了芒草和复原草原草土壤固氮菌，降低了 Geobacter 的相对丰
度，增加了 Dechloromonas 的相对丰度。 
（3）基于 nifH 扩增产物，通过在 PGM 平台上多次运行不同芯片和测序试剂（包括
最新的 Hi-Q）发现，不同芯片和不同试剂的组合均能获得理想的序列读长（扩增子全
长）， 且 318 芯片比 314 芯片多产生了 16 倍的测序通量；基于对 mock 样品的数据预处
理时的参数优化，318-400bp、314-400bp 和 318-Hi-Q 各自的总错误率分别为 0.62%、0.36%
和 0.39%每碱基，且均以插入缺失错误为主。基于优化的参数以及采用 FrameBot 对 nifH
核苷酸序列进行氨基酸序列翻译和移码错误的纠正等步骤，PGM 的不同芯片和不同试剂
对同一批的样品的多次测序，均获得了与 454 的 FLX+平台相似的生物学结论。最后，采
用 PGM 平台对 ARL 站点的基于玉米的 4 个不同作物种植系统土壤 nifH 基因进行宏基因
组学研究发现，各种植系统土壤固氮菌群落、多样性和群落组成存在显著差异。其中，
连作玉米土壤和处于玉米-大豆轮作+肥田作物中的玉米土壤固氮菌群落差异最大，尤其





















To address the critical shortages of fossil fuels and environmental issues caused by their 
excessive usage, countries around the world are actively promoting the development of clean 
and renewable biofuels. The current industrialized biofuels including bioethanol and biodiesel 
are mainly based on corn, soybean, sugarcane, etc., and thus compete for food crops and land. 
To avoid this competition, it was proposed to produce biofuels based on non-food crops. 
Research regarding how to substantially grow perennial plants characterized with low input and 
fast growth, such as switchgrass, Miscanthus, and poplar, to produce ligno-cellulosic ethanol has 
attracted widespread attention for partly replacing petroleum as transportation fuel. Evaluation 
of the effects of planting these biofuel crops on soil microbes is an important topic to reveal the 
sustainability of ligno-cellulosic ethanol production. Meanwhile, research investigating soil 
microbes under biofuel crops can in turn enhance the planting practice.   
This thesis took field soil samples at two biological stations KBS (Kellogg Biological 
Station) and ARL (Arlington Agricultural Research Station) associated with Biofuels Cropping 
System Experiment of Great Lakes Bioenergy Research Center, DOE, USA, and then used 
gene-targeted metagenomic methods to compare the microbial communities and diversities 
under different biofuel crops (corn, switchgrass, Miscanthus, poplar, etc.)  at various depths, 
locations, and seasons and with different cropping managements. This thesis also evaluated the 
sequencing performance of Ion Torrent PGM and applied it in determining soil diazotrophic 
communities under different biofuel crops.  The results were summarized below. 
(1) Based on MiSeq sequencing of bacterial communities (16S-V4) from 110 soil samples 
at 4 depths under 10 biofuel crops at KBS, it was found that soil depth was the major factor 
driving the community differences, while crop type was secondary (reaching 50 cm underneath). 
Bacterial communities were significantly different among different soil depths, and the diversity 
indexes decreased dramatically with depth and were significantly associated with soil total C 
and N. Within the same depth, soil bacterial communities were significantly shaped by crops, 
which was believed to be linked with their different rooting systems.  At 0-10 cm and 10-25 cm, 
soil bacterial communities under corn were the most different from other crops, while 
switchgrass soil was the most different at 25-50 cm. Bacterial communities were not 
significantly different among crops at 50-100 cm. Individual phyla demonstrated varying 
patterns with depth, with significant decreases of Proteobacteria, Actinobacteria, and 
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